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SESSION 1B: BIOLOGY 
KENTUCKY LAKE UNDERGOING A “CHANGE OF STATE”:  TREND 
ANALYSES INDICATE POTENTIAL TIPPING POINTS ARE BEING REACHED 
FOR SEVERAL LIMNOLOGICAL VARIABLES 
 
S. Hendricks1, D. White1, B. Loganathan2, and C. Hendrix1 
 
1Hancock Biological Station, 561 Emma Drive, and 2Department of Chemistry  
Murray State University, Murray KY 42071, 270-809-2272 
shendricks@murraystate.edu  
 
The Kentucky Lake Long-term Monitoring Program (KLMP) was begun in July 1988 to 
understand the basic limnology of this very large Tennessee River reservoir and to document 
patterns and trends.  A wide variety of biological, chemical, and physical measurements are 
taken every 16 days (32 days December – February) at 12-14 lake sites and several tributary 
sites.  Trend analyses reveal important changes taking place in the lake over the past 30 years.  
Some variables appear to have reached “tipping points” resulting from changes in the 
watershed and/or from species invasions.  
Mean water temperature has steadily increased by 2 °C over the 30-year period of record.  
Mean total alkalinity has increased from 50 to 60 mg CaCO3/L (Fig. 1).  Mean chloride ion 
concentration has doubled from 5 mg/L to 10 mg/L (Fig. 2).   Secchi depth (Fig. 3) and 1% 
light penetration have increased by 0.5 meters and 2.5 meters, respectively.  Silicon dioxide 
has increased 1.5 mg/L, and soluble reactive phosphate has increased 0.1 mg/L.  Significant 
decreasing trends over 30 years include sulfate, down from 20.0 to 8.8 mg/L; turbidity down 
from 15 to 4 NTU’s, primary production down from 40 to 30 µg C/L/h, and oxidation-reduction 
potential down from 0.3 to 0.2 mv.  Dissolved organic carbon has decreased from 2.5 to 2.0 
mg/L.  Variables that have remained relative constant include chlorophyll-a, total nitrogen, 
and total phosphorus.  Many of the changes in the variables discussed above were also driven 
by strong seasonal effects. 
It is obvious that many of the decreases and increases result from synergistic relationships 
among the parameters particularly as they relate to changes in ecosystem processes and 
invasive species.  While present in the Ohio River for more than 30 years, silver carp 
(Hypophthalmichthys molitrix) only recently has become a super invader in Kentucky Lake.  
Its long-term effects on the phytoplankton and zooplankton populations remain to be 
determined, but the decrease in primary production over the past several years is unmistakable 
even though chlorophyll-a has remained fairly constant.  
Zebra mussels (Dreissaena polymorpha) had become established in the Ohio River basin by 
1992. They were reported from the Tennessee River basin at the same time but only as 
occasional sightings.  The lack of reproducing populations was attributed to Ca++ levels below 
the 21-23 mg/L threshold.   Between 2012 and 2017, Ca++ levels increased from ~15 mg/L to 
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above the threshold. Reproducing zebra mussel populations appeared for the first time in the 
spring of 2017.  The source(s) of the Ca++ have yet to be determined but likely come from 
increased use of road deicing brine (CaCl2) and from runoff and precipitation containing higher 
alkalinity (CaCO3).  As with silver carp, zebra mussels are voracious filter feeders.  The effects 
of the combination of both species on the Kentucky Lake ecosystem will be quite interesting 
to see.  Over the past few months, there has been a noticeable change in Secchi depth with 
visibility going from ~2 to over 4 m.  
The KLMP database has detected several significant changes in water quality and biology over 
the past 30 years.  Alterations in land use and the effects of invasive species appear to be the 
primary drivers. The trends appear to be irreversible and have led to a “change of state” for 
Kentucky Lake.    
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PRELIMINARY ENVIRONMENTAL ASSESSMENT OF THE GREEN AND NOLIN 
RIVERS IN MAMMOTH CAVE NATIONAL PARK FOLLOWING THE REMOVAL 
OF LOCK AND DAM #6 
Michael Compton, Brian Yahn, and Logan Phelps 
Kentucky State Nature Preserves Commission 
801 Teton Trail, Frankfort, Kentucky 40601 
502-573-2886 
mike.compton@ky.gov 
 
A partnership between the U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, 
National Park Service, The Nature Conservancy, Kentucky Department of Fish and Wildlife 
Resource, Kentucky State Nature Preserves Commission (KSNPC), and the Kentucky 
Waterway Alliance was established to oversee and evaluate the removal of the 110-year-old 
lock and dam #6 (L&D 6) on the Green River near Brownsville, Kentucky, after it breached in 
November 2016.  The objectives of the dam removal were to eliminate the public safety 
hazards, restore the immediate section of the Green River within Mammoth Cave Nation Park 
(MCNP) to more natural hydrological conditions, and to document the environmental response 
and recovery.  During the summer and fall 2017, KSNPC staff conducted baseline surveys to 
assess the current physical and biological conditions from approximately 24 river kilometers 
(15 miles) upstream within the Green and Nolin rivers that were formerly impacted by L&D 
6.  The initial surveys indicated that the free flowing hydrological conditions of the Green 
River expanded approximately 16 river km downstream following dam removal (Figure 1).  
However, the presence of lock and dam #5 near Glenmore, Kentucky, still impounded the 
Green and Nolin rivers upstream to Crump Island and Second Creek, respectively. 
 
Figure 1. Historical (A) and current (B) hydrology of the Green and Nolin rivers near MCNP. 
The instream habitat within the impounded section was predominantly comprised of mud and 
sand (84%), while the substrate composition within the free flowing section was more variable 
and evenly mixed among mud and sand (47%), and gravel and pebble (39%).  The riparian 
zone along both hydrological sections exhibited numerous areas of extensive bank erosion and 
collapse, exposing large areas of bare soil and canopy loss.  An estimated 60% of the banks 
within the impounded section had experienced bank failure, while the free flowing section 
experienced approximately 15%.  Plant composition and richness along the riparian zone was 
relatively the same among the hydrological sections (Table 1).  The invasive herbaceous 
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species, oriental lady’s thumb (Persicaria longiseta) and Japanese stiltgrass (Microstegium 
vimineum), were common and are indicative of disturbed habitats.  The macroinvertebrate 
fauna had greater richness in the free flowing section, but the overall composition of the fauna 
was largely comprised of the same three to five taxa.  This indicates that even though different 
hydrological conditions currently exist, the fauna still represents an assemblage of the 
historical hydrological conditions.  Twenty-seven species of mussels were encountered, 
including the federally endangered species, fanshell (Cyprogenia stegaria) and sheepnose 
(Plethobasus cyphyus).  Mussel richness and abundance were greatest within flowing habitats 
(i.e., riffle and run).  The fish fauna was diverse with 58 native species.  The free flowing 
section of the river had the greatest richness and abundances, however, low abundance of 
benthic species (bottom dwelling) within this section suggest that the fish fauna is more 
indicative of the historical impounded conditions. 
Table 1. Mean taxa richness of biological groups within 
hydrological and habitat categories. 
Biological groups (number of 
sites per category, 
respectively) 
Hydrology 
Impounded  Flowing 
Vegetation (9, 6) 10.6  10.5 
Macroinvertebrates (3, 2) 29.7  40.0 
Fish (3, 2) 20.0  44.0 
 Habitat type 
 Impounded  Flowing  Pool 
Mussels (3, 14, 10) 1.3  9.3  2.3 
 
Overall, the removal of lock and dam #6 decreased the permanent and seasonal impoundment 
of the Green River by 16 river km.  It is hypothesized that the flora and fauna will recover over 
time as the river corridor stabilizes and the smaller substrate particles are distributed further 
downstream. The rate and degree of recovery will vary among biological groups and within 
the different hydrological regimes.  It is recommended that monitoring continue and the data 
be thoroughly analyzed to fully understand and assess the recovery of the river and its 
biological and physical components, with adaptive management implemented to amend for the 
dynamic environment. 
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WATER QUALITY AND PRIMARY PRODUCTIVITY IN MINOR E. CLARK FISH 
HATCHERY PONDS 
 
Brian C. Reeder 
Department of Biology and Chemistry, Morehead State University, Morehead, KY 40351 
(606) 783-2957 
b.reeder@moreheadstate.edu  
 
Minor Clark Fish Hatchery has greater than average fish production and survival. The water 
source for hatchery ponds is relatively low alkalinity, low nutrient, Cave Run Lake. We 
examine nutrient limitations using bioassays, and determined that primary producers were 
phosphorus (P) limited, with a secondary nitrogen (N) limitation when fertilized. We also 
examined if pond sediments were a source of nutrients to photoautotrophs during fish rearing. 
Examination of five-year changes in available nutrient concentrations, and sediment 
phosphorus adsorption-desporption isotherms, suggest that sediments have been losing N and 
P to the water column, but that this ability has diminished over time. We have measured 
primary production with diel oxygen curves, chlorophyll a concentrations, and algal counts. 
There is a strong correlation between nutrient additions and primary production, and some 
indication of a carbon limitation if N and P fertilization are extraordinary. Managers have 
found that by reducing some of the nutrient loading, they have been able to maintain adequate 
primary production to support fish survival and growth, while minimizing overfertilization 
problems (such as anoxia). 
